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BLEED AIR SYSTEMS FOR USE WITH
AIRCRAFT AND RELATED METHODS

FIELD

The present disclosure relates generally to aircrait and,
more particularly, to bleed air systems for use with aircraift
and related methods.

BACKGROUND

Commercial aircrait typically employ an environmental
control system to pressurize a passenger cabin of the aircrait
and/or thermal anti-icing systems to provide heated air for
anti-icing applications. Air supply to these systems 1s typi-
cally provided by bleed air extracted from a compressor of
an aircrait engine. To meet pressure and/or temperature
demands of the various aircrait systems, bleed air 1s often
extracted from a higher stage of the compressor that pro-
vides bleed air having a pressure and/or temperature above
that demanded by the various systems. For example, bleed
air 1s often extracted from a mid-stage of a high pressure
compressor of an aircraft engine. The pressurized bleed air
1s often cooled, via a precooler, and reduced 1n pressure, via
a pressure regulating valve, prior to providing the bleed air
to a system (e.g., an environmental control system) of the
aircraft. Thus, much of the energy spent by the engine to
produce the bleed air 1s wasted when cooling the bleed air
via the precooler and reducing the pressure of the bleed arr.
Extracting high-pressure bleed air from the mid-stage of the
high pressure compressor of the aircraft engine may reduce
the efliciency of the engme

Some known piston engines provide pressurized air for
the cabin environmental control system with a shaft-driven
compressor, typically known as a supercharger. Known
shaft-driven superchargers typically receive ambient air
from an atmospheric inlet. Such shaft-driven superchargers
pressurize the ambient air prior to supplying the various
aircrait systems. However, the atmospheric inlet of such a
supercharger produces drag. Additionally, the atmospheric
inlet 1s often susceptible to 1cing and, thus, typically requires
an anti-icing system that increases costs and system com-
plexity. Further, known shaft-driven superchargers may
have to be relatively large to produce a pressure change
suilicient to power the systems of an aircraft. Other known
systems employ a turbo-compressor. However, similar to the
shaft-driven supercharger mentioned above, these known
turbo-compressors also pressurize ambient air and, thus,
sufler from the above-identified drawbacks.

SUMMARY

An example apparatus includes a compressor having a
compressor inlet and a compressor outlet. The compressor 1s
to be driven by a drive shalt extending from an engine of an
aircraift. The example apparatus also includes a first pas-
sageway to fluidly couple a first low-pressure bleed air port
from the engine to the compressor inlet and a second
passageway to fluidly couple the compressor outlet to a
system of the aircraft.

Another example apparatus includes a compressor opera-
tively coupled to a drive shaft of an engine of an aircraft. The
compressor includes an 1nlet fludly coupled to a first bleed
air port of the engine and an outlet fluidly coupled to a
system of the aircraft. The compressor 1s to provide bleed air
to the system when the aircraft 1s operating i a first
condition. The example apparatus also includes a bleed air
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system to fluidly couple a second bleed air port of the engine
to the system of the aircrait. The bleed air system is to
provide bleed air to the system when the aircraft 1s operating
in a second condition.

An example method includes coupling a compressor to a
drive shaft of an aircraft engine, fluidly coupling a com-
pressor inlet of the compressor to a first low-pressure bleed
air source provided by a low-pressure compressor of the
engine and fluidly coupling a compressor outlet of the
compressor to a system of the aircrait that receives bleed air
supply.

The features, functions and advantages that have been
discussed can be achieved independently 1n various embodi-
ments or may be combined in yet other embodiments further
details of which can be seen with reference to the following
description and drawings.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s an 1llustration of an example aircrait that may
embody the examples described herein.

FIG. 2 illustrates an example aircrait engine having an
example bleed air system disclosed herein.

FIG. 3 illustrates another aircrait engine having another
example bleed air system disclosed herein.

FIG. 4 1llustrates another aircrait engine having another
example bleed air system disclosed herein.

FIG. 5 illustrates another aircrait engine having another
example bleed air system disclosed herein.

FIG. 6 15 a tlowchart representative of an example method
that may be performed by the example bleed air systems of
FIGS. 2-5.

FIG. 7 1s a flowchart illustrating a method of implement-
ing the example bleed air systems of FIGS. 2-5.

Wherever possible, the same reference numbers will be
used throughout the drawing(s) and accompanying written
description to refer to the same or like parts. As used 1 this
patent, stating that any part (e.g., a layer, film, area, or plate)
1s 1n any way positioned on (e.g., positioned on, located on,
disposed on, or formed on, etc.) another part, means that the
referenced part 1s either in contact with the other part, or that
the referenced part 1s above the other part with one or more
intermediate part(s) located therebetween. Stating that any
part 1s 1n contact with another part means that there 1s no
intermediate part between the two parts.

DESCRIPTION

Engine bleed air 1s typically provided by a compressor of
an aircraft engine to power various systems of the aircrait.
For example, bleed air 1s often used to power an environ-
mental control system (ECS) and/or a thermal anti-icing
system of the aircraft. The bleed air 1s bled from a com-
pressor of the aircraft engine via a bleed port in a housing of
the compressor. However, bleed air pressures vary greatly
with operating conditions such as, for example, engine
speed, operating altitude, etc.

To ensure the bleed air has suflicient pressure and/or
temperature to power various systems of the aircratt, the
bleed air 1s often extracted from a bleed port (e.g.,
low-pressure bleed port) of a compressor that prowdes
suflicient pressure for the systems. Additionally, bleed air
may also be provided via a hlgh-pressure bleed port when
the pressure of the low-pressure bleed air 1s 1nsuflicient to
supply the systems. For example, bleed air 1s often extracted
from a mid or intermediate stage (e.g., a fifth stage) of a high
pressure compressor of an aircraft engine during high engine
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speeds and from a discharge or final stage (e.g., a tenth
stage) of the high pressure compressor during high altitude
and/or low engine speed operations. Much of the energy
spent by the engine to produce the bleed air may be wasted
if not completely used.

The bleed air extracted from the engine often exceeds a
temperature threshold of the aircrait systems utilizing the
bleed air. Thus, the bleed air 1s cooled prior to supplying the
bleed air to, for example, the ECS. To reduce the bleed air
temperature, commercial aircrait typically employ a heat
exchanger (e.g., a precooler) through which bleed air passes
and which 1s typically located on a pylon adjacent to the
engine. A fan operated by the engine of the aircraft provides
cool air to the precooler to cool the bleed air prior to
supplying the bleed air to the systems of the aircraft. The fan
air often 1s dumped overboard after flowing through the
precooler. Thus, cooling the bleed air via the fan reduces the
ciliciency of the aircrait engine. Additionally, the precooler
typically has a relatively large dimensional envelope, which
adds extra weight and may require a fan air scoop and
exhaust that produce drag. Thus, the relatively large dimen-
sional envelope of the precooler can also aflect the efliciency
of the aircraft engine.

Additionally, the bleed air extracted from the engine often
exceeds a pressure threshold of the aircrait systems utilizing
the bleed air. Thus, the pressure of the bleed air 1s reduced
prior to supplying the bleed air to, for example, the ECS. To
reduce the bleed air pressure, commercial aircraft typically
employ one or more pressure regulating valves through
which bleed air passes. Thus, a substantial amount of the
energy spent by the engine to produce the bleed air 1s wasted
when cooling the bleed air and/or reducing the pressure of
the bleed air. This wasted energy results in greater fuel
consumption.

In some known examples, compressed air 1s provided to
the various systems of the aircraft via electrically driven
compressors. However, electrically driven compressors may
not be ethicient for relatively smaller aircraft. In other known
examples, a bleed air system employs a turbo-compressor or
shaft-driven compressor that receives ambient air from an
atmospheric inlet. However, the atmospheric mlet produces
drag. Additionally, the atmospheric inlet 1s often susceptible
to 1cing and, thus, may require an anti-icing system that
increases costs and system complexity. Further, the turbo-
compressor or shaft-driven compressor may have to be
relatively large to produce a pressure change suflicient to
power the systems of an aircrait.

Example bleed air systems and related methods disclosed
herein employ a shaft-driven compressor system that com-
presses or pressurizes bleed air from a bleed air source of the
engine to provide compressed or pressurized air to the
various systems of an aircrait such as, for example, an ECS,
a thermal anti-icing system (e.g., a wing and/or engine
anti-icing system), a pneumatic supply system (to supply
pneumatlc devices), and/or any other system of the aircrait
that requires use of compressed air. The example shaft-
driven compressor systems disclosed herein include a shafit-
driven compressor that 1s operatively coupled to a drive
shaft (e.g., a radial drive shait) of the aircraft engine. The
example shaft-driven compressor systems extract or divert
bleed air from one or more relatively lower pressure bleed
air ports of the aircraft engine and pressurize the bleed air to
meet (e.g., but not exceed) the demand(s) of the systems of
the aircrait. As a result, less energy 1s used by the bleed air
systems during a significant number of flight conditions.
Thus, the example bleed air systems disclosed herein do not
waste the energy of the engine bleed air and thereby improve
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the efliciency of the engine, even when considering or taking
into account the power used to operate the shaft-driven
COMPressor.

Further, unlike known systems that employ a turbo-
compressor or shaft-driven compressor that pressurizes
ambient air, the example shaft-driven compressor systems
described herein utilize compressed bleed air from one or
more bleed air ports of the aircraft engine, thus drawing less
power from the aircraft engine to operate the shaft-driven
compressor. In other words, the example shaft-driven com-
pressor systems increase the pressure of bleed air that has
already been at least partially compressed or pressurized by
the compressor(s) of the engine and, thus, less energy 1s used
by the shaft-driven compressor to boost the bleed air to the
pressure demanded by the systems of the aircratt.

In some example bleed air systems and related methods
disclosed herein the shaft-driven compressor system 1s used
in combination with a two-port or single-port bleed air
system. The two-port or single-port bleed air system may be
used to supplement the shaft-driven compressor system and
provide compressed or pressurized air to the various aircraft
systems during certain operating conditions. Additionally,
the two-port or single-port bleed air system provides redun-
dancy within the entire example bleed air system of the
aircraft. In other words, 11 the shaft-driven compressor
system 1s 1noperable, the two-port or single-port bleed air
system 1s capable of providing bleed air to the systems of the
aircraft.

Additionally, employing the shaft-driven compressor sys-
tems disclosed herein significantly reduces an amount of
high-pressure bleed air (or bleed air having relatively higher
pressure) that may be needed to satisiy the demand of an
aircraft environmental control system. More specifically, the
example shaft-driven compressor systems provide com-
pressed or pressurized air from a relatively low-pressure
bleed air port source having a relatively lower pressure
and/or temperature to power the systems of the aircraft. For
example, some example bleed air systems and related meth-
ods disclosed herein employ a shaft-driven compressor
system (e.g., with a mamfold) that extracts bleed air from a
first low-pressure bleed port (e.g., at the entrance of a high
pressure compressor) and/or a second low-pressure bleed
port (e.g., at a fifth or mid-stage of the high pressure
compressor). Depending on the operating condition of the
aircraft engine and/or the demand of the systems of the
aircraft, the example shaft-driven compressor system may
extract air from either port to more efliciently utilize the
bleed air from the aircrait engine. Additionally, by extracting,
bleed air having relatively lower pressure (below that
demanded the systems of the aircrait) and increasing the
pressure of the bleed air via the shaft-driven compressor to
just meet the demands of the systems, less energy in the
bleed air 1s wasted (e.g., by use of a precooler or pressure
regulating valve), which significantly reduces the specific
fuel consumption of the engine.

Furthermore, the example bleed air systems and related
methods disclosed herein may be combined with one or

more of the bleed air systems disclosed in U.S. patent
application Ser. No. 13/357,293, filed Jan. 24, 2012, entitled

“BLEED AIR SYSTEMS FOR USE WITH AIRCRAFTS
AND RELATED METHODS,” U.S. application Ser. No.
13/951,181, filed Jul. 25, 2013, entitled “BLEED AIR SY S-
TEMS FOR USE WITH AIRCRAFTS AND RELATED
METHODS,” or U.S. patent application Ser. No. 14/242,
570, filed Apr. 1, 2014, entitled “BLEED AIR SYSTEMS
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FOR USE WITH AIRCRAFT AND RELATED METH-
ODS,” all of which are incorporated herein by referenced 1n
their entireties.

FIG. 1 illustrates an example commercial aircraft 100
having aircrait engines 102 (e.g., turbofan engines) that may
embody aspects of the teachings of this disclosure. Each
engine 102 of the aircraft 100 may employ a dedicated bleed
air system and/or may employ a common bleed air system.
In other words, 1n some examples, the aircraft 100 employs
a dedicated bleed air system for each engine 102 and, 1n
other examples, a common bleed air system 1s employed for
all the engines. The bleed air system(s) provides compressed
or pressurized air to an aircrait system such as, for example,
an ECS and/or a thermal anti-icing system (e.g., an engine
and/or wing anti-icing system).

FIG. 2 1s a partial cutaway view of an engine 200 of an
atrcraft (e.g., the engine 102 of the aircraft 100) imple-
mented with an example bleed air system 202 in accordance
with the teachings of this disclosure. Referring to FIG. 2, the
engine 200 1s a gas turbine engine having a fan 204 that
draws air 1nto a fan duct or compressor intake section 206
and 1nto a compressor 208. The compressor 208 may include
multiple compressor sections. For example, as shown, the
compressor 208 of the illustrated example 1s a dual-axial
compressor 208 that includes two compressors, a {irst com-
pressor 210 and a second compressor 212. Additionally,
cach of the first and second compressors 210, 212 includes
various compressor stages that progressively increase the
pressure of the air as the air flows from the fan duct section
206 to a combustion chamber 214. In the example shown,
the first compressor 210 1s a low-pressure compressor (LPC)
that provides relatively low pressure air and the second
compressor 212 1s a high-pressure compressor (HPC) that
provides relatively high pressure air. The compressors 210,
212 are operatively coupled to respective shafts 216, 218.
The first shatt or LPC shait 216 1s operatively coupled to a
low-pressure turbine 220 and the second shatt or HPC shaft
218 1s operatively coupled to a high-pressure turbine 222. In
this example, the compressor 208 1s a dual-axial compressor
that imncludes the two compressors 210, 212. However, in
other examples, the compressor 208 may include more or

fewer compressor sections, each having, for example, a
turbine and respective shatt.

After exiting the HPC 212, the highly pressurized air 1s
provided to the combustion chamber 214, where fuel 1s
injected and mixed with the highly pressure air and 1gnited.
The high energy airflow exiting the combustion chamber
214 turns blades 224 of the turbines 220, 222, which are
coupled to respective ones of the shaits 216, 218. Rotation
of the shafts 216, 218 turns blades 226 of the compressors
210, 212. The heated air 1s exhausted via a nozzle where it
mixes with cool air, provided by the fan 204, that bypasses
the engine core to produce forward thrust.

To supply various systems of an aircrait with pressurized
air, the example bleed air system 202 includes a two-port
bleed air system 230 and a shaft-driven compressor system
232. The example bleed air system 202 supplies engine
bleed air to a system or control system 234 of the aircratt.
The system 234 may include, for example, an ECS, a wing
anti-icing system, an engine anti-icing system and/or any
other system of an aircraft that utilizes compressed or
pressured air. An ECS, for example, conditions the bleed air
provided by the bleed air system 202 to a cabin pressure
and/or cabin temperature. The ECS may include, {for
example, one or more ECS packs (e.g., an air cycle refrig-
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cration system) that receive the bleed air from the bleed air
system 202 and conditions or regulates the bleed air to cabin
pressure and/or temperature.

In the illustrated example, the two-port bleed air system
230 mcludes a passageway or conduit 236 coupled to a first
bleed port 238 (e.g., at an intermediate stage) of the HPC
212 and a passageway or conduit 240 coupled to a second
bleed port 242 (e.g., at a discharge station) of the HPC 212.
The second bleed port 242 1s disposed downstream of the
first bleed port 238. As a result, the pressure of the bleed air
supplied by the second bleed port 242 1s higher than the
pressure of the bleed air supplied by the first bleed port 238.
The passageways 236, 240 join together at a passageway or
conduit 244 that 1s fluidly coupled to the system 234. Thus,
the two-port bleed air system 230 may supply bleed air from
cither the first bleed air port 238 and/or the second bleed air
port 242 to the system 234 of the aircrait.

In some examples, the temperature of the bleed air
supplied by the first and second bleed air ports 238, 242 of
the HPC 212 1s greater than a threshold temperature of the
system 234. Therefore, prior to the system 234 recerving the
bleed air from one or both of the bleed air ports 238, 242, the
bleed air flows through a heat exchanger or precooler 246 to
reduce the temperature of the bleed air. Specifically, the
bleed air 1n the passageway 244 flows between a precooler
inlet 248 and a precooler outlet 250. To cool the bleed atr,
the precooler 246 receives air provided by the fan 204 via a
passageway or conduit 252. The fan air flows through the
precooler 246 between an inlet 254 and an outlet 256. The
cooler fan air flowing between the inlet 254 and the outlet
256 reduces the temperature of the bleed air flowing
between the precooler ilet 248 and the precooler outlet 250.
To control the temperature of the bleed air at the precooler
outlet 250, a flow control member or fan air modulating
valve (FAMYV) 258 1s coupled to the passageway 252 and 1s
disposed between the fan 204 and the ilet 254. The FAMYV
258 varies the cooling fan airtlow provided by the fan 204
and thereby controls the air temperature of the bleed air at
the precooler outlet 250.

As shown 1n the illustrated example 1n FIG. 2, the system
234 can receive bleed air from either or both of the bleed air
ports 238, 242. To prevent back flow pressure from entering
the first bleed air port 238, the passageway 236 employs a
flow control member or check valve 248 (e.g., a back-tlow
preventer, an intermediate port check valve (IPCV)). The
check valve 248 1s disposed between the first bleed port 238
of the HPC 212 and the junction of the passageways 236,
240 to prevent pressurized bleed air from flowing toward the
first bleed port 238 when higher pressure bleed air 1s present
in the passageway 244.

In some examples, the pressure of the bleed air supplied
by the bleed air ports 238, 242 of the HPC 212 1s greater than
a demand or threshold pressure of the system 234. There-
fore, prior to the system 234, one or more flow control
members and/or shutoil valves are employed to regulate the
pressure supplied to the system 234. As shown in the
illustrated example of FIG. 2, a flow control member 260 1s
coupled to the passageway 240 and disposed between the
second bleed port 242 of the HPC 212 and the junction of the
passageways 236, 240. The tlow control member 260 may
be configured, for example, to regulate the pressure of the
bleed air supplied by the second bleed port 242 to a pre-set
or predetermined pressure value prior to supplying the bleed
air to the system 234 and/or the tlow control member 260
may provide fluid flow shut-off (e.g., a pressure-reducing
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valve (PRV), a pressured-reducing shut ofl valve (PRSOV),
a shut off valve (SOV), a high pressure shut off valve
(HPSOV)).

As shown 1n the illustrated example of FIG. 2, a flow
control member 262 1s coupled to the passageway 244 and
1s disposed between the junction of the passageways 236,
240 and the precooler mlet 248. The flow control member
262 may be configured, for example, to regulate the pressure
of the bleed air to a pre-set or predetermined pressure value
prior to the precooler 246 and/or provide fluid tlow shut-oil
(e.g., a PRV, PRSOV, an SOV, a HPSOV).

In the example shown, a flow control member 264 1s
coupled to the passageway 244 and disposed prior to the
system 234. For example, the flow control member 264 may
be configured to regulate the pressure of the bleed air to a
pre-set or predetermined pressure value prior to supplying
the bleed air to the system 234 and/or the flow control
member 264 may provide fluid flow shut-off (e.g., a PRV, a
PRSOV, an SOV, a HPSOV).

Depending on what condltlon in which the aircraft engine
1s operating (e.g., 1dle, take-ofl or climb, cruise, descent,
etc.), the two-port bleed air system 230 may supply air to the
system 234. For example, during cruise, bleed air may be
diverted or extracted from the first bleed port 238 coupled to
the HPC 212. In such an example, the flow control member
260 1s closed to shut ofl flow of bleed air from the second
bleed port 242 while the flow control member 262 and/or the
flow control member 264 may be opened and set to supply
pressurized bleed air to the system 234. However, 1n some
examples, the pressure of the bleed air may be too high, so
the flow control member 262 and/or the tlow control mem-
ber 264 may be set to reduce the pressure of the bleed air
prior to the system 234. Additionally or alternatively, the
temperature of this bleed air may be too high and the
precooler 246 may be utilized to reduce the temperature of
the bleed air to a temperature suitable for use in the system
234.

At relatively lower engine thrust settings (e.g., at idle,
during descent), bleed air from the first bleed port 238 of the
HPC 212 may not be high enough to meet the demands of
the system 234. Therefore, in some examples, bleed air may
be diverted or extracted from the second bleed port 242 of
the HPC 212. In such an example, the flow control members
260, 262, 264 are opened to supply relatively higher pres-
sure bleed air to the system 234. However, the pressure of
the bleed air supplied by the second port 242 may be too
high. Therefore, one or more of the flow control members
260, 262, 264 may be set to reduce the pressure the bleed air
prior to the system 234. Additionally or alternatively, the
temperature of the bleed air may be too high for use by the
system 234. Therefore, the precooler 246 reduces the tem-
perature of the bleed arr.

However, 1n either scenario, the bleed air taken from the
HPC 212 1s often reduced in pressure and/or temperature
and, thus, a substantial amount of the energy used by the
engine 200 to produce the high-pressure/high-temperature
bleed air 1s wasted. During cruise, which accounts for a
majority of the flight time, the amount of wasted energy may
be significant and result in a less eflicient engine. Therelore,
the example bleed air system 202 of the illustrated example
employs a shaft-driven compressor system 232 to supply
bleed air to the system 234 while reducing the amount of
energy wasted by the two-port bleed air system 230.

In the 1llustrated example, the shaft-driven compressor
system 232 includes a compressor 266 that receives com-
pressed air (e.g., bleed air) that has been extracted or
diverted from the LPC 210 (e.g., the final stage or discharge

10

15

20

25

30

35

40

45

50

55

60

65

8

of the LPC 210). In particular, the compressor 266 of the
illustrated example has a compressor inlet 268 fluidly
coupled to a bleed port 270 of the LPC 210. A passageway
or conduit 272 fluidly couples the bleed port 270 of the LPC
210 and the compressor inlet 268. The compressor 266
compresses the bleed air extracted from the LPC 210 to
provide a relatively higher pressure bleed air at a compressor
outlet 274, which 1s fluidly coupled to the system 234 of the
aircraft. Specifically, a passageway or conduit 276 fluidly
couples the compressor outlet 274 to the system 234. In the
example shown, the example shaft-driven compressor sys-
tem 232 operates by extracting lower-pressure bleed air
from the bleed port 270 and compressing (e.g., boosting) the
bleed air to a higher pressure to meet the demands of the
system 234. Although 1n the illustrated example the com-
pressor inlet 268 receives bleed air from a dedicated com-
pressor stage (e.g., the discharge) of the LPC 210, the
compressor inlet 268 may additionally or alternatively
receive bleed air from another stage of the LPC 210 (e.g., a
fourth stage, an eighth stage, etc.) and/or from another
compressor stage ol the HPC 212 (e.g., a second stage).

To prevent back flow pressure to the LPC 210, the
shaft-driven compressor system 232 of the illustrated
example employs a flow control member or check valve 278
(e.g., a back-flow preventer). The check valve 278 1s dis-
posed between the bleed port 270 of the LPC 210 and the
compressor mlet 268 to prevent pressurized airtlow toward
the LPC 210 of the engine 200 when higher pressure bleed
air 1s present in the passageway 272 downstream of the
check valve 278. In other words, 1I the compressor 266
generates a back pressure at the compressor inlet 268 that 1s
greater than the pressure of the bleed air extracted from the
LPC 210, the check valve 278 prevents the back pressure
from flowing into the LPC 210.

In the illustrated example, the compressor 266 1s driven
by the engine 200. More specifically, the compressor 266 1s
operatively coupled to a gearbox 280, which is operatively
coupled to a first end 282 of a drive shaft 284 (e.g., a radial
drive shaft). The drive shait 284 rotates to provide power to
the gearbox 280 and, thus, to the compressor 266. In the
illustrated example, a second end 286 of the drive shaft 274
1s operatively coupled to the engine 200. Specifically, the

second end 286 of the drive shait 284 1s coupled to a first
gear 288. The first gear 288 1s engaged with a second gear
290 that 1s operatively coupled to the HPC drive shaft 218.
In the example shown, the first and second gears 288, 290
are bevel gears and are oriented substantially perpendicular
to each other. As the HPC drive shaft 218 rotates about its
longitudinal axis, the second gear 290, which 1s engaged
with the first gear 288, rotates the first gear 288 and, thus, the
drive shaft 284 about 1ts longitudinal axis. In some
examples, the gearbox 290 1s operatively coupled to one or
more other systems used in the aircraft such as, for example,
an electrical generator and/or a hydraulic pump. Addition-
ally, although the second gear 290 1s shown as operatively
coupled to the HPC drive shaft 218 i the illustrated
example, 1 other examples the second gear 290 may be
operatively coupled to and driven by the LPC drive shait 216
or any other drive shaft of the engine 200. In some examples,
the compressor 266 and/or the gearbox 280 of example
shaft-driven compressor system 232 are disposed within the
nacelle of the engine 200. In some such examples, the
gearbox 280 1s coupled (e.g., mounted) to the fan case and
the compressor 266 and the gearbox 280 are disposed within
the fan compartment. In other such examples, the gearbox
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280 1s coupled to the core case of the engine 200 and the
compressor 266 and gearbox 280 are disposed within the
core compartment.

In the 1illustrated example, a constant gear ratio 1s
employed between the HPC drive shaft 218 the compressor
266. The first and second gears 288, 290 may be sized to
enable the compressor 266 to boost the bleed air extracted
from the bleed air port 270 to a pressure demanded by the
system 234. In some examples, the compressor 266 boosts
the bleed air from the LPC 210 by a factor of 2.5, which
meets the demands of the system 234. The compressor 266
may be, for example, a centrifugal compressor, an axial
compressor or a mixed-flow compressor. In some examples,
to account for varying intlow conditions (e.g., pressure
fluctuations) and varying outflow demands, the compressor
266 1ncludes variable geometry features such as inlet guide
vanes and/or diffuser guide vanes to enable the compressor
266 to handle a range of variability in the inlet conditions
and the outlet demands. More particularly, 1 some
examples, the guide vanes may be adjusted to achieve a
higher or a lower air flow and/or pressure at the compressor
outlet 274. In other examples, a vane-less difluser or system
having a ported shroud may be employed to account for
varying intlow conditions and outflow demands.

During cruise conditions, the shaft-driven compressor
system 232 provides bleed air to the system 234 while
mimmizing waste of energy from the engine 200. Unlike
known systems, 1n some examples, the shaft-driven com-
pressor system 232 does not utilize a precooler or intercooler
to reduce the temperature of the air (which wastes energy
used to produce the relatively higher temperature bleed air).
Instead, the shaft-driven compressor system 232 extracts
bleed air from a source of lower pressure (which 1s relatively
cooler) and uses the power from the drive shaft 284 to boost
the pressure of the bleed to air to an appropriate amount for
the system 234. Additionally, the first and second gears 288,
290 and/or the gearbox 280 may be configured to provide the
appropriate amount ol power and rotational speed to the
compressor 266 to pressurize the bleed air to meet, but not
exceed, the pressure demands of the system 234. As a result,
the shaft-driven system 232 does not waste energy by
reducing the pressure of the bleed air. In other examples, the
shaft-driven compressor system 232 may employ a pre-
cooler to reduce the temperature of the bleed arr.

During engine operating conditions other than cruise,
such as during 1dle or descent, the bleed air provided at the
compressor exit 274 may be too low to meet the demands of
the system 234. In some examples, the compressor 266 1s
operatively coupled to the engine 200 via a fixed gear ratio,
and 11 the engine 200 1s operating at too low of an RPM, the
compressor 266 may not be able to boost the bleed air from
the LPC 210 to the desired pressure. Additionally or alter-
natively, during other operating conditions where a bleed air
system from one engine 1s being used to supply bleed air to
both engine bleed air systems (e.g., because the bleed air
system of one engine 1s 1noperable), the shaft-driven com-
pressor may also not be able to supply a suflicient amount of
bleed tlow. In such instances, the two-port bleed air system
230 may be used 1n addition to or as an alternative to the
shaft-driven compressor system 232 to provide higher pres-
sure/temperature bleed air and/or additional bleed air to
meet the demands of the system 234. Additionally, the
two-port bleed air system 230 functions as a safety, or
redundant system. In other words, 1f the shaft-drive com-
pressor system 232 1s inoperable, the two-port bleed air
system 230 may still function to provide bleed air to the
system 234.
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In the illustrated example, a flow control member or dump
valve 291 (e.g., a surge control valve, a three-way valve, a
three-way pressure regulating valve) 1s coupled to the pas-
sageway 276 and 1s disposed between the compressor outlet
274 and the system 234. The flow control member 291
operates to prevent the compressor 266 from stalling or
surging. In some examples, because the compressor 266 1s
operatively coupled to the engine 200 via a fixed gear ratio,
the compressor 266 may be operating and compressing
bleed air at all times while the engine 1s operating. In some
examples, when the engine 200 1s operating at relatively
lower speeds, and the compressor 266 1s not providing
enough boost to the bleed air from the LPC 210, the two-port
bleed air system 230 1s employed to provide bleed air to the
system 234 and the tlow control member 291 1s employed to
direct the compressed bleed air from the compressor outlet
2774 to another system 1n the engine 200 or of the aircraft. In
the example shown, a passageway or conduit 292 fluidly
couples the flow control member 291 to a downstream area.
Similar to the air exiting the outlet 256 of the precooler 246,
the bleed air dumped by the flow control member 291 may
be directed onto the turbines 220, 222 and/or the casing of
the engine to help cool the engine 200. Cooling the casing
and/or the turbine blades, for example, maintains a proper
clearance or spacing between the turbine blades and the
casing (e.g., prevents shrinkage and/or expansion due to
clevated temperatures). In other examples, the air exiting the
outlet 256 of the precooler 246 and/or the air dumped by the
flow control member 291 1s dumped overboard 1n a manner
to produce thrust (i.e., thrust recovery). In some examples,
when the engine 200 1s operating at relatively high speeds
and the compressor 266 1s producing greater airflow than
that demanded by the system 234, the dump valve 291 may
be employed to dump the excess air flow for one or more of
the uses disclosed above. In other words, some or all of the
air may be directed to the system 234 and/or the other
locations disclosed above.

In some examples, a disconnect 289 (e.g., a quick dis-
connect) may be disposed between the compressor 266 and
the gearbox 280 to disconnect the compressor 266 from the
gearbox 280 and, thus, from the engine 200. In some
examples where one or more of the check valves or tlow
control members of the shaft-dnven compressor system 1s
inoperable, the compressor 266 may be disconnected from
the drive train in the gearbox 280 (e.g., by a technician). In
such an 1nstance, the compressor 266 would not be operable
during flight and would not produce excess bleed air.

The bleed air system 202 may employ a control system
293 to operate the various flow control members 258, 260,
262, 264 and 291. The control system 293 of the 1llustrated
example includes a microprocessor 294, an input/output
module 295, a comparator 296, and a valve controller 297.
For example, a sensor 298a downstream of the compressor
outlet 274 may provide a signal (corresponding to a pressure
of the bleed air prior to flowing to the system 234) to the
microprocessor 294 via the imput/output module 295. The
control system 293 may determine 1f the downstream pres-
sure measured by the sensor 298a 1s within a predetermined
pressure range (e.g., a threshold pressure, a pressure
demand) for a given altitude, aircrait speed, passenger count,
icing condition or any other condition aflecting the operation
of the aircraft system 234. For example, the comparator 296
may compare the signal provided by the sensor 298a with a
pressure threshold or range provided, for example, by a
look-up table. For example, at cruise conditions, the tlow
control member 291 may be positioned or set so that the
shaft-driven compressor system 232 may provide bleed air
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to the system 234. If the pressure falls outside of the range
(e.g., below the threshold pressure), the control system 293
may cause the flow control member 291 to divert the bleed
air from the compressor outlet 274 to another system (e.g.,
to the low-pressure turbine 220 to cool the low-pressure
turbine). Additionally or alternatively, the control system
293 may also cause the tlow control member 260 and/or the
flow control member 262 to open and provide pressurized
bleed air to the system 234 within the predetermined pres-
sure range. Thus, in some examples, the control system 293
causes the flow control members 258, 260, 262, 264 and 291
to operate between an open and closed position to restrict
fluid tflow through the respective passageways or systems.

In another example, the two-port bleed air system 230 of
the 1llustrated example may employ a sensor 2986 down-
stream from precooler outlet 250 to sense or detect the
temperature of the bleed air prior to the system 234. The
sensor 2985 sends a signal corresponding to the temperature
of the bleed air at the precooler outlet 250 to the control
system 293. The control system 293 determines if the
temperature value at the precooler outlet 250 1s at or within
a threshold value or range. For example, 11 the control
system 293 determines (e.g., via the comparator 296) that
the temperature of the bleed air 1s greater than a threshold
temperature value, then the control system 293 instructs the
valve controller 297 to command the FAMYV 258 to allow
more fan air flow 1nto the inlet 254 of the precooler 246. IT
the temperature of the bleed air at the precooler outlet 250
1s less than the threshold value, then the control system 293
commands the valve controller 297 to reduce the amount of
fan air flowing to the 1nlet 254 of the precooler 246. In some
examples, the fan air exiting the outlet 256 1s dumped
overboard. In other examples, the fan air exiting the outlet
256 of the precooler 246 may be routed for use 1n other
systems of the aircraft.

The control system 293 may similarly cause the flow
control members 258, 260, 262, 264 and 291 to regulate the
flow of fluid through the respective passageways or systems.
Additionally or alternatively, the control system 293 may be
part of a main control system 299 of the aircratt.

FIG. 3 illustrates another example bleed air system 300
described herein. Those components of the example bleed
air system 300 that are substantially similar or i1dentical to
the components of the example bleed air system 202
described above and that have functions substantially similar
or 1identical to the functions of those components will not be
described 1n detail again below. Instead, the interested reader
1s referred to the above corresponding descriptions. To
tacilitate this process, the same reference numbers will be
used for like structures.

Referring to FIG. 3, the example bleed air system 300
employs an additional bleed air port (e.g., dual-inlet bleed
air ports) fluidly coupled to the compressor inlet 268 to
provide the compressor 266 with bleed air having a higher
pressure than that of the bleed port 270 of the LPC 210. In
particular, a passageway or conduit 302 fluidly couples the
first bleed air port 238 (e.g., from the passageway 236) and
the fluid conduit 272. In other words, the first bleed port 238
of the HPC 212 1s fluidly coupled to the compressor inlet
268. In an example operation, if bleed air provided by the
bleed air port 270 of the LPC 210 1s not high enough to be
pressurized by the compressor 266 to meet the demands of
the system 234, bleed air having a relatively higher pressure
may be taken from the first bleed port 238 of the HPC 212.
In this manner, the compressor 266 can supply bleed air to
the system 234 during lower thrust operating conditions. As
a result, the shaft-driven compressor system 232 enables the
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bleed air system 300 to supply bleed air to the system 234
during these lower thrust operating conditions while mini-
mizing waste of energy from the engine 200.

Additionally, because the shaft-driven compressor system
232 provides bleed air during more operating conditions, the
two-port bleed air system 230 1s utilized less (e.g., only
during low thrust conditions) and, thus, the precooler 246
may be sized smaller than other precoolers used in other
bleed air systems. In other words, the precooler 246 may
employ a substantially smaller dimensional envelope and
weilght.

In the illustrated example shown in FIG. 3, a flow control
member 304 1s coupled to the passageway 302 and 1s
disposed between the first bleed port 238 and the compressor
inlet 268. The flow control member 304 may be configured
to regulate the pressure of the bleed air to a pre-set or
predetermined pressure value prior to the compressor nlet
268. Additionally, the flow control member 304 may provide
fluud flow shut-off (e.g., a PRV, a PRSOV, an SOV, a
HPSOV). To prevent back tlow pressure to the bleed air port
2770, the passageway 272 of the illustrated example employs
a tlow control member or check valve 306 (e.g., back-tlow
preventer). The check valve 306 1s disposed between the
bleed port 270 of the LPC 210 and the junction of the
passageways 272, 302 to prevent pressurized airtlow toward
the bleed air port 270 of the LPC 210 during conditions
where there 1s a higher pressure 1n the passageway 302 than
at the bleed air port 270, thereby preventing the bleed system
300 from causing the LPC 210 to surge or to be damaged.

The sensor 298a may be employed to detect or measure
the pressure and/or temperature of the bleed air downstream
from the compressor outlet 274 and generate a signal
corresponding to the measured pressure and/or temperature
to the control system 293. The control system 293 receives
the signal from the sensor 298a and may be configured to
compare the measured pressure and/or temperature to a
threshold value via the comparator 296. For example, i
bleed air 1s supplied to the compressor inlet 268 by the bleed
airr port 270 of the LPC 210, and the pressure and/or
temperature of the bleed air 1s less than a threshold value, the
control system 293 may cause the flow control member 304
to move to an open position to allow bleed air from the first
bleed air port 238 of the HPC 212 to flow to the compressor
inlet 268. Thus, relatively higher pressure bleed air is
provided to the compressor ilet 268 to meet the demands of
the system 234. In other words, when the engine 1s operating
at relatively higher thrust conditions (e.g., during take-oilf
and/or cruise), bleed air may be taken from the LPC 210, and
when the engine 1s operating at a relatively lower thrust
condition, the flow control member 304 may be opened to
direct relatively higher pressure bleed air from the HPC 212
to the compressor inlet 268. Alternatively, the control system
293 may operate the flow control member 304 (e.g., move
it to an open position) if the control system 293 receives a
signal (e.g., from the main control system 299) indicating,
that a bleed air system of another engine of the aircraft 1s not
providing adequately pressurized bleed atr.

FIG. 4 illustrates another example bleed air system 400
described herein. Those components of the example bleed
air system 400 that are substantially similar or 1dentical to
the components of the example bleed air system 202 and/or
the example bleed air system 300 described above and that
have functions substantially similar or 1dentical to the func-
tions of those components will not be described 1n detail
again below. Instead, the interested reader 1s referred to the
above corresponding descriptions. To facilitate this process,
the same reference numbers will be used for like structures.
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In the example shown i FIG. 4, the bleed air system 400
includes the shaft-driven compressor system 232 having a
duel-inlet bleed air configuration (e.g., similar to the system
300 shown in FIG. 3). In particular, the compressor inlet 268
1s fluidly coupled to the bleed port 270 of the LPC 210 and
the first bleed port 238 of the HPC 212. Additionally, instead

of a two-port bleed air system (e.g., the two-port bleed air
system 230 shown 1n FIG. 2), the example bleed air system
400 1illustrated 1 FIG. 4 includes a single-port bleed air
system 402. The single-port bleed air system 402 includes a
passageway or conduit 404 that fluidly couples a bleed air
port 406 of the HPC 212 to the system 234. A first flow

control member 408 and a second flow control member 410
are coupled to the passageway 404 and are disposed between
the bleed air port 406 and a precooler 412. The flow control
members 408, 410 may be configured to regulate the pres-
sure of the bleed air to a pre-set or predetermined pressure
value and/or provide fluid flow shut-off (e.g., a PRV, a
PRSOV, an SOV, a HPSOV). In some examples, the first
flow control member 408 1s a HPSOV and the second tlow
control member 410 1s a PRSOV. In this manner, the first
flow control member 408 operates to open and close the
passageway 404 to provide bleed air to the system 234 while
the second flow control member 410 operates to reduce the
pressure of the bleed air prior to the system 234. The two
flow control member configuration also provides redun-
dancy 1n the system 11 one of the flow control members 408,
410 becomes 1noperable (e.g., fails open). The arrangement
between the passageway 404 and the precooler 412 may be
similar to the passageway 244 and the precooler 246 of the
bleed air systems 202 and/or 300 disclosed above.

In the example shown 1n FIG. 4, the single-port bleed air
system 402 may be used to supply bleed air, for example,
when the aircrait 1s operating at low thrust conditions (e.g.,
idle). In some examples the bleed air provided by the bleed
air port 270 of the LPC 210 and the first bleed air port 238
of the HPC 212 may be too low to meet the demands of the
system 234. In such an instance, the single-port bleed air
system 402 1s utilized to supply pressurized bleed air to the
system 234. Similar to the bleed air systems 200 and 300
disclosed above, the control system 293 may be used to

operate the flow control members 258, 264, 291, 304, 408
and 410 of the bleed air system 400.

The example bleed air system 400 of FIG. 4 reduces (e.g.,
as compared to the bleed air system 200 of FIG. 2) an
amount of bleed air that 1s dumped overboard and/or
reduced in temperature and/or pressure during operation. As
a result, the efliciency of the engine 200 increases because
less energy 1s used to produce bleed air that 1s dumped
overboard, wasted or lost. Additionally, because the single-
port bleed air system 402 may be used in limited operating,
conditions, €.g., when relatively high pressure 1s needed, the
precooler 412 may be sized smaller than that used 1n known
systems. Having a smaller precooler reduces the amount of
weight of the bleed air system 400 and, thus, also 1increases
the efficiency of the aircraft. The system 400 also has fewer
components, which reduces the weight and cost of the
system 400.

FIG. 5 illustrates another example bleed air system 500
described herein. Those components of the example bleed
air system 500 that are substantially similar or 1dentical to
the components of the example bleed air systems 202, 300
and/or 400 described above and that have functions sub-
stantially similar or identical to the functions of those
components will not be described 1n detail again below.
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Instead, the interested reader 1s referred to the above corre-
sponding descriptions. To {facilitate this process, similar
reference numbers will be used for like structures.

The example bleed air system 500 of FIG. 5 includes an
additional bleed air port to provide pressurized air to the
compressor inlet 268 during certain operating conditions. In
particular, the example shaft-driven compressor system 232
of the 1llustrated example 1s capable of extracting or divert-
ing low pressure bleed air from the fan duct section 206,
downstream from the fan 204 (e.g., and fan exit guide vane),
and 1ncreasing the pressure of the bleed air to meet the
demands of the system 234. For example, 1n certain oper-
ating conditions (e.g., during takeofil or climb), the pressure
of the bleed air provided by the bleed air port 270 of the LPC
210 may be too high so that, even when the compressor 266
1s set to provide a relatively lower boost, the resulting
pressure supplied to the system 234 1s higher than the
pressured demanded by the system 234. In such an 1nstance,
instead of wasting energy to reduce the pressure of bleed air
that has already been compressed, the shaft-driven compres-
sor system 232 may extract or divert relatively lower pres-
sure bleed air from the fan duct section 206 and increase the
pressure to meet the demands of the system 234. As a result,
the example system 500 allows the compressor 266 to
supply bleed air to the system 234 over a larger portion of
the aircraft’s mission and, thus, wastes less fuel than other
known systems.

In the example shown 1n FIG. §, a passageway or conduit
502 fluidly couples a bleed port 504 at the fan duct section
206 to the compressor let 268 (e.g., via the passageway
272). When the engine 200 1s operating at higher thrust
conditions, the bleed port 504 provides bleed air to the
compressor inlet 268. If the pressure 1s too low, relatively
higher pressure bleed air may be provided by the bleed port
270 of the LPC 210 (in addition to or as an alternative to the
bleed air from the bleed port 504).

To prevent back flow pressure to the bleed port 504, the
passageway 502 of the illustrated example employs a flow
control member or check valve 3506 (e.g., a back-tlow
preventer, an IPCV). The check valve 506 1s disposed
between the bleed port 504 of the fan duct section 206 and
the junction of the passageways 502, 272 to prevent pres-
surized airtlow toward the bleed air port 504 of the engine
200 during a condition that produces higher pressure in the
passageway 502. Further, a flow control member 508 (e.g.,
a pressure reducing regulator) 1s coupled to the passageway
272 and disposed between the bleed air port 270 of the LPC
210 and the junction of the passageways 272, 502. For
example, the tlow control member 508 may be configured to
regulate the pressure of the bleed air at the bleed air port 270

to a pre-set or predetermined pressure value prior and/or
provide fluid flow shut-off (e.g., a PRV, a PRSOV, an SOV,

an HPSOV).

In the example shown, a tlow control member or check
valve 512 (e.g., a back-tlow preventer) 1s disposed 1n the
passageway 276 between the compressor outlet 274 and the
junction of the passages 244, 276. The check valve 51
prevents pressurized airtlow toward the compressor outlet
274 during conditions with a higher pressure bleed air 1n the
passageway 244. In some examples, as mentioned above,
the compressor 266 may not provide suflicient pressure to
meet the demand of system 234, so the two-port system 230
could be used. In such an instance, high pressure bleed air
in the passageway 244 would tend to flow toward the
compressor 266 through the passageway 276. Therefore, the
check valve 512 can be employed to prevent the pressurized
airflow toward the compressor outlet 274.
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During 1dle or other low thrust conditions, the engine 200
operates at relatively low speed or low thrust and, thus,
relatively low pressures are produced at the bleed ports. As
a result, neither of the bleed ports 270, 504 may supply
suilicient pressure to meet the demands of the system 234.
Theretfore, during 1dle or other low thrust conditions, the
two-port bleed air system 230 may be employed to provide
bleed air to the system 234. In such an example, the flow
control member 508 1s closed and bleed air from the bleed
air port 504 1s supplied to the compressor 256. The tlow
control member 291 is open and diverts the compressed air
(which 1s relatively cooler) from the compressor outlet 274
to the passageway 292. Additionally, the flow control mem-
bers 260, 262 are opened to provide relatively higher pres-
sure bleed air from the second bleed air port 242 of the HPC
212 to the system 234. In some examples, the FAMYV 258 i1s
also open to operate the precooler 246 and reduce the
temperature of the bleed air supplied to system 234.

During takeofl or climb, the engine 200 operates at
relatively high speed or high thrust and, thus, relatively
higher pressures are produced at the bleed ports. As a result,
bleed air provided by bleed port 504 of the intake 506 may
be suflicient to meet the demands of the system 234. In such
an example, the flow control member 308 1s closed and
bleed air from the bleed air port 504 1s supplied to the
compressor 266. The flow control member 291 1s opened
and compressed bleed air 1s supplied to the system 234 from
the compressor outlet 274. Additionally, at least one of the
flow control members 260, 262 of the two-port bleed air
system 230 1s closed because the shaft-driven compressor
system 232 meets the demands of the system 234.

During cruise, the engine 200 operates at a speed or thrust
between 1dle and takeofl. As mentioned above, the shaft-
driven compressor system 232 may be sized and geared to
provide suflicient bleed air to the system 234 during cruise
(e.g., compressing the bleed air by a factor of 2.5). In some
examples, the bleed air at the bleed air port 504 may be too
low to meet the demands of the system 234. Therefore, 1n
such an example, the flow control member 508 i1s opened
and bleed air from the bleed air port 270 1s supplied to the
compressor 266. The flow control member 291 1s opened
and compressed bleed air 1s supplied to the system 234 from
the compressor outlet 274. Additionally, the tlow control
members 260, 262 of the two-port bleed air system 230 are
closed because the shaft-driven compressor system 232
meets the demands of the system 234.

During descent, the engine 200 operates at a relatively
low speed and, thus, relatively low pressures are produced at
the bleed ports. As a result, neither of the bleed ports 270,
504 may supply suflicient pressure to meet the demands of
the system 234. Therefore, during descent, the two-port
bleed air system 230 1s employed to provide bleed air to the
system 234. In such an example, the flow control member
508 1s closed and bleed air from the bleed air port 504 is
supplied to the compressor 266. The tflow control apparatus
291 diverts the compressed air (which 1s relatively cooler),
to the passageway 292. Additionally, the flow control mem-
bers 260, 262 are opened to provide relatively higher pres-
sure bleed air from the first and/or second bleed ports 238,
242 of the HPC 212 to the system 234. In some examples,
the FAMY 252 1s also open to operate the precooler 246 and
reduce the temperature of the bleed air through the passage-
way 244.

The combination of the shaft-driven compressor system
232 and the two-port bleed air system 230 provides redun-
dancy 1n the bleed air system. For example, 11 one or more
of the flow control members or valves becomes mnoperable,
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the other of the two systems may be employed to supply
bleed air to the system 234. For example, 11 the flow control
member 508 fails closed during cruise, bleed air may be
supplied by the two-port bleed air system 230. Specifically,
the bleed air may be provided by the first bleed port 238 of
the HPC 212. In such an instance, the flow control member
262 1s opened and the flow control member 260 1s closed.

Additionally, 1n the example bleed air systems 202, 300,
400, 500 described above, the control system 293 may
operate the various tlow control members 258, 260, 262,
264, 291, 304, 408, 410, 508 based on the operating con-
ditions of the engine 200. For example, during operation,
different engine speeds and/or different altitudes signifi-
cantly vary the pressure and/or temperature of the bleed air
provided by the LPC 210 and the HPC 212. For example,
during high-thrust operation, the pressure of the bleed air
provided both the LPC 210 and the HPC 212 1s signmificantly
higher than the pressure of the bleed air provided when the
engine 200 1s at 1dle. Therefore, the control system 293 may
receive 1dication of the operating parameters or conditions
(from the various sensors and/or main control system 299)
of the engine 200 and may operate the various tlow control
members 258, 260, 262, 264, 291, 304, 408, 410, 508
accordingly.

While an example manner of implementing the control
system 293 1s illustrated in FIGS. 2-5, one or more of the
clements, processes and/or devices illustrated 1n FIGS. 2-5
may be combined, divided, re-arranged, omitted, eliminated
and/or implemented in any other way. Further, the example
microprocessor 294, the example mput/output 295, the
example comparator 296, the example valve controller 297
and/or, more generally, the example control systems 293,
299 of FIGS. 2-5 may be implemented by hardware, sofit-
ware, firmware and/or any combination of hardware, soft-
ware and/or firmware. Thus, for example, any of the
example microprocessor 294, the example input/output 295,
the example comparator 296, the example valve controller
297 and/or, more generally, the example control systems
293, 299 could be implemented by one or more analog or
digital circuit(s), logic circuits, programmable processor(s),
application specific integrated circuit(s) (ASIC(s)), pro-
grammable logic device(s) (PLD(s)) and/or field program-
mable logic device(s) (FPLD(s)). When reading any of the
apparatus or system claims of this patent to cover a purely
soltware and/or firmware implementation, at least one of the
example, microprocessor 294, the example input/output 295,
the example comparator 296, the example valve controller
297 1s/are hereby expressly defined to include a tangible
computer readable storage device or storage disk such as a
memory, a digital versatile disk (DVD), a compact disk
(CD), a Blu-ray disk, etc. storing the software and/or firm-
ware. Further still, the example control systems 293, 299 of
FIGS. 2-5 may include one or more elements, processes
and/or devices 1n addition to, or instead of, those 1llustrated
in FIGS. 2-5, and/or may include more than one of any or all
of the illustrated elements, processes and devices.

FIGS. 6 and 7 are flowcharts representative of example
methods that may be implemented with an example bleed air
system such as, for example, the bleed air systems 202, 300,
400 and/or 500 of FIGS. 2-5 and/or a control system such as
the control system 293 of FIGS. 2-5. In this example, the
method may be implemented using machine readable
instructions that comprise a program for execution by a
processor such as the processor 294 shown 1n the example
control system 293 of FIGS. 2-5. The program may be
embodied 1n software stored on a tangible computer read-
able storage medium such as a CD-ROM, a floppy disk, a
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hard drive, a digital versatile disk (DVD), a Blu-ray disk, or
a memory associated with the processor 294 and/or the
control system 293, but the entire program and/or parts
thereot could alternatively be executed by a device other
than the processor 294 and/or the control system 293 and/or
embodied 1n firmware or dedicated hardware. Further,
although the example program 1s described with reference to
the flowcharts illustrated in FIGS. 6 and 7, many other
methods of implementing the example microprocessor 294,
the example input/output 295, the example comparator 296,
the example valve controller 297 and/or, more generally, the
example control systems 293, 299 may alternatively be used.
For example, the order of execution of the blocks may be
changed, and/or some of the blocks described may be
changed, eliminated, or combined.

As mentioned above, the example methods of FIGS. 6 and
7 may be implemented using coded instructions (e.g., com-
puter and/or machine readable instructions) stored on a
tangible computer readable storage medium such as a hard
disk drive, a flash memory, a read-only memory (ROM), a
compact disk (CD), a digital versatile disk (DVD), a cache,
a random-access memory (RAM) and/or any other storage
device or storage disk 1n which information 1s stored for any
duration (e.g., for extended time periods, permanently, for
brief instances, for temporarily buflering, and/or for caching,
of the information). As used herein, the term tangible
computer readable storage medium 1s expressly defined to
include any type of computer readable storage device and/or
storage disk and to exclude propagating signals and to
exclude transmission media. As used herein, “tangible com-
puter readable storage medium” and “tangible machine
readable storage medium” are used interchangeably. Addi-
tionally or alternatively, the example processes of FIGS. 6
and 7 may be implemented using coded instructions (e.g.,
computer and/or machine readable instructions) stored on a
non-transitory computer and/or machine readable medium
such as a hard disk drive, a flash memory, a read-only
memory, a compact disk, a digital versatile disk, a cache, a
random-access memory and/or any other storage device or
storage disk 1n which information 1s stored for any duration
(c.g., Tor extended time periods, permanently, for brief
instances, for temporanly bullering, and/or for caching of
the information). As used herein, the term non-transitory
computer readable medium 1s expressly defined to include
any type ol computer readable storage device and/or storage
disk and to exclude propagating signals and to exclude
transmission media. As used herein, when the phrase “at
least™ 1s used as the transition term in a preamble of a claim,
it 1s open-ended 1n the same manner as the term “compris-
ing” 1s open ended.

For purposes of discussion, the example method 600 of
FIG. 6 1s described in connection with the example control
system 293 and the example valve controller 297. In this
manner, each of the example operations of the example
method 600 of FIG. 6 1s an example manner of implement-
ing a corresponding one or more operations performed by
one or more of the blocks of the example control system 293
or the valve controller 297 of FIGS. 2-5.

Turning 1n detaill to FIG. 6, the control system 293
monitors a system parameter of a bleed air system (block
602). For example, the control system 293 may be config-
ured to monitor one or more system parameters of the
example bleed air systems 202, 300, 400 and/or 500 dis-
closed herein. To monitor a system parameter, the control
system 293 receives one or more signals from sensors (€.g.,
the sensors 298a, 298bH) throughout the bleed air system
and/or main control system 299. For example, a system
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parameter may include a pressure of bleed air, a temperature
of the bleed air, a speed of the engine 200, an altitude of the
aircraft, etc. The control system 293 receives the signals via
the input/output module 295.

The control system 293 compares the system parameter to
a threshold value (block 604). For example, the control
system 293 can compare, via the comparator 296, the
pressure and/or temperature of the bleed air received via the
sensors to respective threshold values retrieved from a
look-up table or storage or with the other values received by
the sensors. In some examples, the system parameter and/or
the threshold value may be based on other operating con-
ditions of the aircratt.

The control system 293 may then determine 1f the system
parameter measured by, for example, the sensors 1s within
the threshold value (block 606). If the system parameter 1s
within the threshold value, then the control system 293
returns to block 602 to continue monitoring the system
parameter. For example, in the bleed air system 300 of FIG.
3, if the pressure of the bleed air at the compressor outlet 274
1s substantially equal to the pressure demanded by the
system 234, the control system 293 may cause the flow
control member 304 to remain 1n an open position to enable
relatively higher pressure bleed air from the first bleed port
238 of the HPC 212 to be supplied to the compressor inlet
268.

If the control system 293 determines that the system
parameter 1s not within the threshold value, then the control
system 293 commands the valve controller 296 to operate a
flow control member (block 608). For example, in the bleed
air system 300 of FIG. 3, if the pressure of the bleed air at
the compressor outlet 274 1s not substantially equal to (e.g.,
below) the pressure demanded by the system 234, the
control system 293 may cause the flow control members
260, 262 to move to an open position to allow relatively
higher pressure bleed air to be supplied to the system 234.

FIG. 7 1s a flowchart of an example method 700 of
implementing the example bleed air systems 202, 300, 400
and/or 500 1n accordance with the teachings of this disclo-
sure. While an example manner of implementing the
example bleed air systems, one or more of the blocks and/or
processes 1llustrated 1 FIG. 7 may be combined, divided,
re-arranged, omitted, eliminated and/or implemented 1n any
other way. Further still, the example method of FIG. 7 may
include one or more processes and/or blocks 1n addition to,
or instead of, those illustrated 1n FIG. 7, and/or may include
more than one of any or all of the illustrated processes and/or
blocks. Further, although the example method 700 1s
described with reference to the tflow chart illustrated 1n FIG.
7, many other methods of implementing a bleed air system
may alternatively be used.

Referring to FIG. 7, a compressor 1s operatively coupled
to a drive shaft of an engine of an aircraft (block 702). In the
example bleed air systems 202, 300, 400 and 500 disclosed
above, the compressor 266 1s operatively coupled to the
engine 200 via the drive shaft 284. More specifically, the
compressor 266 1s operatively coupled to the gearbox 280,
which 1s driven by the drive shait 284. The drive shait 284
1s operatively coupled to the HPC drive shait 218. However,
in other examples, the drive shait 284 may be operatively
coupled to and drive by the LPC drive shaft 216 or any other
drive shaft of the engine 200.

In the example method 700 of FIG. 7, a compressor inlet
of the compressor 1s fluidly coupled to at least one bleed air
source ol the aircrait engine (block 704). In the example
bleed air systems 202, 300, 400 and 500 disclosed above, the

compressor inlet 268 1s tluidly coupled, via the passageway
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2772, to the bleed air port 270 of the LPC 210, which provides
bleed air having a relatively lower pressure than the HPC
212. In some examples, such as that disclosed 1n the bleed
air systems 300 and 400, the compressor inlet 266 1s also
fluidly coupled to first bleed air port 238 of the HPC 212.
Thus, the example bleed air systems 300 and 400 can extract
bleed air from either bleed air ports 238, 270 or both bleed
air ports 238, 270. In other examples, the compressor inlet
268 1s coupled to more bleed air sources (e.g., five bleed air
ports of the engine).

In the example method 700 of FIG. 7, the compressor inlet
of the compressor 1s fluidly coupled to a fan of the aircraft
engine (block 706). In the example bleed air system 500
disclosed above, the compressor inlet 268 1s fluidly coupled,
via the passageway 502, to the bleed air port 504 of the
intake section in the fan duct 206. During some example
operating conditions (e.g., during take-ofl or climb), the
intake 260 may contain relatively higher pressure bleed air
that may be boosted by the compressor 266 to meet the
demands of the system 234.

In the example method 700 of FIG. 7, a compressor outlet
of the compressor 1s fluidly coupled to control system of the
atrcraft that receives bleed air supply (block 708). In the
example bleed air systems 202, 300, 400 and 500 disclosed
above, the compressor outlet 274 1s fluidly coupled, via the
passageway 277, to the system 234. The system 234 may
include, for example, an ECS, a wing anti-icing system, an
engine anti-icing system and/or any other system of the
aircrait that utilizes pressurized bleed atr.

In the example method 700 of FIG. 7, a two-port bleed air
system or a single port bleed air system 1s fluidly coupled
from at least one high-pressure bleed air source of the
aircraft engine to the control system (block 710). The
two-port bleed air system or the single port bleed air system
may be used to provide relatively higher pressure bleed air
to the control system and provide redundancy 1n the overall
bleed air system of the aircraft. In the example bleed air
systems 202, 300 and 3500 disclosed above, the two-port
bleed air system 230 fluidly couples, via the passageway
244, the first and second bleed air ports 238, 242 of the HPC
212 to the system 234. The two-port bleed air system 230
may be used alternatively or 1n addition to the shaft-driven
compressor system 232 to provide higher pressure bleed air
to the system 234. In the example bleed air system 400
disclosed above, the single port bleed air system 402 fluidly
couples, via the passageway 404, the bleed air port 406 of
the HPC 212 to the system 234.

Although certain example methods, apparatus and articles
of manufacture have been described herein, the scope of
coverage of this patent 1s not limited thereto. On the con-
trary, this patent covers all methods, apparatus and articles
of manufacture fairly falling within the scope of the
appended claims either literally or under the doctrine of
equivalents.

What 1s claimed 1s:

1. An apparatus comprising:

a shaft-driven compressor system comprising;:

a compressor having a compressor inlet and a com-
pressor outlet, the compressor to be driven by a drive
shaft extending {from an engine of an aircraft;

a first passageway to fluidly couple a first bleed air port
of a low-pressure compressor of the engine to the
compressor nlet;

a second passageway to fluidly couple the compressor
outlet to a system of the aircraft; and

a first tlow control member operable between a first
position to enable the shaft-driven compressor sys-
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tem to supply bleed air to the system of the aircraft
and a second position to prevent the shaft-driven
compressor system from supplying bleed air to the
system of the aircraft;

a two-port bleed air system to flmdly couple a second
bleed air port and a third bleed air port of a high-
pressure compressor of the engine to the system of
the aircraft, the two-port bleed air system including
a second flow control member operable between a
third position to enable the two-port bleed air system
to supply bleed air to the system of the aircrait and
a fourth position to prevent the two-port bleed air
system from supplying bleed air to the system of the
aircraft; and

a computer control system configured to:

when the aircraft 1s operating in a first condition,
operate the first tlow control member to the first
position and operate the second flow control member
to the fourth position; and

when the aircraft 1s operating 1n a second condition,
operate the first flow control member to the second
position and operate the second flow control member
to the third position.

2. The apparatus of claim 1, wherein the system of the
aircrait 1s at least one of an environmental control system, a
wing anti-icing system or an engine anti-icing system.

3. The apparatus of claim 1 further comprising a third
passageway to fluidly couple the second bleed air port to the
compressor inlet, the second bleed air port to provide higher
pressure bleed air than the first bleed air port.

4. The apparatus of claim 1, wherein the compressor 1s
operatively coupled to a gearbox coupled to the drive shaft.

5. The apparatus of claim 1 further comprising a third
passageway to tluidly couple a fan of the engine to the
compressor inlet.

6. The apparatus of claim 5, wherein the third passageway
couples the fan to the first passageway such that the first
passageway supplies air from the fan to the compressor nlet
via the first passageway.

7. The apparatus of claim 6, further including a check
valve coupled to the third passageway between the fan and
a junction of the third passageway and the first passageway,
the check valve to prevent higher pressure air in the first
passageway from flowing through the third passageway to
the fan.

8. The apparatus of claim 7, further including a third flow
control member coupled to the first passageway between the
first bleed air port and the junction of the third passageway
and the first passageway, the third flow control member to at
least one of regulate bleed air from the first bleed air port to
a pre-set pressure value or provide fluid tlow shut-off.

9. The apparatus of claim 1, wherein the compressor of
the shatt-driven compressor system comprises at least one of
a centrifugal compressor, an axial compressor or a mixed-
flow compressor.

10. The apparatus of claim 1, wherein the first flow
control member 1s coupled to the second passageway
between the compressor outlet and the system of the aircraft,
and wherein, 1n the first position, the first flow control
member enables compressed bleed air to flow from the
compressor outlet to the system of the aircrait via the second
passageway and, 1 the second position, the first flow control
member directs the compressed bleed air in the second
passageway Irom the compressor outlet to at least one of a
turbine of the engine, a casing of the engine, or produce
thrust for the aircratt.
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11. The apparatus of claim 1, wherein the two-port bleed
air system 1s coupled at a junction to the second passageway
upstream of the system of the aircraft, further including a
check valve coupled to the second passageway between the
compressor outlet and the junction to prevent high pressure
air from flowing through the second passageway to the
compressor outlet when the aircraft 1s operating in the
second condition.

12. The apparatus of claim 1, wherein the first condition
occurs when the aircraft 1s operating at cruise and the second
condition occurs when the aircrait 1s operating at idle or
during a descent.

13. An apparatus comprising:
a compressor operatively coupled to a drive shait of an

engine ol an aircraft, the compressor having an inlet
fluidly coupled to a first bleed air port of a low-pressure
compressor of the engine and an outlet fluidly coupled
via a passageway to a system of the aircraft, a first flow
control member coupled to the passageway;

a bleed air system to fluidly couple a second bleed air port
of a high-pressure compressor of the engine to the
system of the aircraft, a second flow control member
coupled to the bleed air system; and

a computer control system configured to:

when the aircrait 1s operating 1n a first condition, operate
the first flow control member to enable the compressor
to provide bleed air to the system of the aircrait and
operate the second flow control member to prevent the
bleed air system from providing bleed air to the system
of the aircraft; and

when the aircraft 1s operating in a second condition,
operate the first flow control member to prevent the
compressor from providing bleed air to the system of
the aircraft and operate the second tlow control member
to enable the bleed air system to provide bleed air to the
system of the aircraft.

14. The apparatus of claim 13, wherein the first condition

occurs when the aircraft 1s operating at cruise.

15. The apparatus of claim 14, wherein the second con-
dition occurs when the aircrait 1s operating at 1dle or during
a descent.

16. The apparatus of claim 13, wherein the bleed air
system 1s a two-port bleed air system.
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17. The apparatus of claim 13, wherein the compressor
operatively coupled to the drive shaft 1s further operatively
coupled to the engine via bevel gears having a fixed gear
ratio.

18. The apparatus of claim 13, wherein the drive shatt 1s
a first drive shaft, and wherein the first drive shaft 1s
operatively coupled to a second drive shaft of the high-
pressure compressor ol the engine.

19. A method comprising:
coupling a compressor to a drive shaft of an engine of an

aircraft;
fluidly coupling a compressor 1nlet of the compressor to

a first bleed air port of a low-pressure compressor of the
engine;

fluidly coupling via a passageway a compressor outlet of
the compressor to a system of the aircraft that receives
bleed air supply, a first flow control member coupled to
the passageway;

fluidly coupling via a bleed air system a second bleed air
port and a third bleed air port of a high-pressure
compressor of the engine to the system of the aircraft,
a second flow control member coupled to the bleed air
system; and

operating the first flow control member and the second
flow control member with a computer control system
configured to:

when the aircraft 1s operating 1n a first condition, operate
the first flow control member to enable the compressor
to provide bleed air to the system of the aircraft and
operate the second tlow control member to prevent the
bleed air system from providing bleed air to the system
of the aircraft; and

when the aircraft 1s operating in a second condition,
operate the first flow control member to prevent the
compressor from providing bleed air to the system of
the aircraft and operate the second tlow control member
to enable the bleed air system to provide bleed air to the
system of the aircraft.

20. The method of claim 19 further comprising tfluidly

coupling the compressor 1nlet to the second bleed air port of

40 the high-pressure compressor of the engine.

21. The method of claim 19 further comprising fluidly
coupling the compressor inlet to a fan of the engine.
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